Background: Approximately 30% of all colorectal cancer (CRC) patients are diagnosed with stage II disease.
introduction Molecular genetics of colorectal cancer (CRC) is one of the most intensively studied subjects in human molecular pathology. Abnormalities reported involve tumor suppressor genes that undergo inactivation (e.g. APC, MCC, DCC, p53 and possibly genes in chromosomes 8p, 1p and 22q) and the oncogenes ras, src and myc [1] . Most CRCs seem to arise from adenomas through a multistage process. Leister et al. [2] reported that in human CRC cells, there is a high frequency (42%) of deletions in the short arm of chromosome 1, region 1p35. Bardi et al. [3] have found genetic alterations in chromosome 1p36 in dysplastic colonic adenomas. Alterations of chromosome 1p have also been detected in human neuroblastomas [4] , breast cancers [5] , mesotheliomas [6] and melanomas [7] . The gene of human group IIA phospholipase A2 (PLA2) has been mapped to chromosome 1p35-36 [8] .
PLA2 is an enzyme that catalyzes the hydrolysis of the fatty acyl ester bond at the sn-2 position of phospholipids to produce free fatty acids and lysophospholipids. In human tissues, PLA2 is present in several cell types and different forms of the enzyme are divided into groups according to the structure of the enzyme molecule [9] . Group IIA PLA2 is a 14-kDa enzyme found in a number of tissues and secretory products [10] . The plasma concentration of the enzyme increases dramatically in severe infections and other diseases involving generalized inflammation and cancer [11] . In the gastrointestinal tract, expression of group IIA PLA2 has been localized in Paneth cells of the small intestine [12] , metaplastic Paneth cells of gastric [12] and colonic mucosa [13] as well as columnar epithelial cells of inflamed colonic mucosa.
Kennedy et al. [14] found overexpression of group IIA PLA2 protein and messenger RNA in colorectal adenomas of patients with familial adenomatous polyposis (FAP). However, the localization and biological role of the enzyme in colonic adenomas and carcinomas remains unclear.
PLA2 is a key regulatory enzyme in arachidonic acid metabolism, which leads to synthesis of prostaglandins via the cyclooxygenase (COX-1 and COX-2) pathways [15] . Inhibition of COX-2 results in suppression of tumor development and growth, and it has been proposed that prostaglandins may have an important role in tumor growth in CRC [16] [17] [18] . Sheng et al. [19] reported that prostaglandin E2 induced bcl-2 gene expression and inhibited apoptosis in human colorectal cell lines in vitro, which may partially explain the COX-2-mediated tumor growth. Thus, in addition to cyclooxygenases, functional defects in PLA2 in tumor cells may interfere with the regulatory mechanisms of tumor growth. Group IIA PLA2 gene has been proposed as a candidate target for Mom1 in the mouse. However, the association between the mutations in the gene coding group IIA PLA2 and the development of FAP [20] or colon carcinoma [21] has been questioned later. Moreover, mutations have not been found in the group IIA PLA2 gene in human cancer cell lines [22] . The PLA2 content of CRC is much higher than the content of normal colorectal mucosa [23] . The data of subcutaneously injected cancer cells also support the importance of PLA2 in association with CRC [24] .
Approximately 30% of all CRC patients are diagnosed with stage II disease (node-negative patients) [25] . However, it is well established that a subgroup of patients (20%-25%) with stage II disease are at high risk for recurrence [26] and should be considered as candidates for adjuvant chemotherapy [27] . However, the decision to use adjuvant therapy after curative surgical resection of stage II CRC is often difficult [28] and its routine use is not recommended [29] . There is hope, however, that these decisions could be made more rationally in the future, as soon as more solid data are available on disease predictors in these patients, e.g. molecular markers to disclose subgroups of patients eligible for adjuvant therapy.
As part of our systematic search for prognostic factors in CRC, the present study was conducted to assess the prognostic value of group IIA PLA2 in patients with stage II CRC.
patients and methods

patients and their samples
The present study comprises a series of 116 patients who underwent bowel resection for stage II CRC during 1981-1990 at Turku University Hospital (Turku, Finland). All patients had been subsequently followed up at regular clinical visits until death or when last seen alive (end of 2005), for the mean of 122 months (range 11.6-263.0 months). The paraffin blocks of the tumor samples were collected from the archives of the Department of Pathology, University of Turku. All pertinent clinical and histopathological data of the patients and their tumors were collected from the patients' case records. The key clinicopathological data of the patients are summarized in Table 1 .
tissue microarray
Archival paraffin-embedded CRC samples were used to produce tissue microarray (TMA) blocks for immunohistochemical (IHC) staining. Areas of invasive tumor with the lowest degree of differentiation and rich in atypia, rich in cells, with the highest number of mitoses were chosen. Wide and homogenous areas (compatible with cellular atypia and poor differentiation) were preferred. Necrotic and autolytic areas and areas rich in stromal reaction were avoided. For tumors producing abundant intra-or extracellular mucin, invasive areas with the highest number of epithelial cells were chosen. These representative areas of the tumor were marked by an experienced pathologist (JL) on slides stained with hematoxylin and eosin from selected paraffin blocks, and a cylinder of tissue 1 mm in diameter was cut (MH) with a TMA instrument (Beecher Instruments, Sun Prairie, WI) into a new paraffin block. This size of tissue section (1 mm wide) was equal to the often used three cores, 0.6 mm wide [30] [31] [32] [33] . Because the core was larger than usual, sampling differences were less than in 0.6-mm cores. Serial 4-lm sections were then cut from the TMA paraffin blocks. The sections were mounted on ChemMateä Capillary Gap plus Slides (Gray) by DAKO (Glostrup, Denmark). Normal colorectal mucosa was selected adjacent to but at least 2 mm apart from the malignant growth of the section. If available, another normal sample was obtained from normal colorectal mucosa at either of the resection margins in the surgical specimens. So, usually two normal controls were available. Lymphatic follicles and hyperplastic and inflamed areas were avoided. To obtain enough mucosa for tissue array, tangentially cut areas were avoided. immunohistochemistry PLA2 protein was stained immunohistochemically using automated staining system, DAKO Autostainer (DAKO). TMA sections were first 
general description of PLA2 expression
The staining patterns of PLA2 in CRC lesions are illustrated in Figure 1 . In the normal colonic mucosa, the staining for PLA2 varied from negative to granular staining localized at the basal and/or apical part of the epithelial cells. Cancer cells also showed granular cytoplasmic staining, with same variation in the staining intensity from gland to gland within the same sample. The cause of variation in normal (control) samples remained unclear, but the results suggested that control samples from the immediate neighborhood of the neoplasm more often showed positivity than the control samples from faraway resection margins.
The stromal tissue was not stained. Fifty-five percent of all tumors were positive for PLA2, i.e. 55% showed positive epithelial staining.
PLA2 expression correlates with the clinicopathological features
Age, sex or tumor stage had no significant relationship with the expression of PLA2 (Table 1 ). Higher tumor grade was associated with less PLA2 expression at borderline significance (P = 0.066). As to the localization of the tumor, there was a clear difference between tumors situated on the right (caecum and ascending and transverse colon) and on the left (descending and sigmoid colon and rectum) colorectum (P = 0.007). On the right side, 69% of the cases were completely negative for PLA2, compared with 42% of the left-sided tumors. In Kaplan-Meier survival analysis, there was a significant (P = 0.010) difference in DFS between patients with negative tumors (longer DFS) and those with positive tumors (Figure 2) . The same was true with DSS ( Figure 3) , patients with PLA2-negative tumors living significantly longer (P = 0.025), including the 10-year DSS (P = 0.014).
The role of PLA2 as an independent predictor of DFS was assessed in a multivariate survival (Cox) analysis, containing age, sex, tumor localization, T and G as other variables. In this multivariate model, the only independent predictor of DFS was tumor localization (=colon), Hazard Ratio (HR) 3.149 (95% CI 1.649-6.014; P = 0.001; rectum as the reference). All other variables were removed from the model in stepwise backward approach. When the same model was used to assess the role of PLA2 as an independent predictor of DSS (with disease recurrence as additional variable), PLA2 was not an independent predictor. Not unexpectedly, the only independent predictors of DSS were (i) disease recurrence (P = 0.0001), with HR 133.857 (95% CI 17.182-1042.801) for dying of disease among patients with disease recurrence and (ii) age (P = 0.042; HR 1.03, 95% CI 1.001-1.065). When recurrence was omitted from the model, tumor localization was the only independent predictor of DSS, HR 2.129 (95% CI 1.120-4.047; P = 0.021; rectum as the reference).
In further analysis, a subgroup of right-sided tumors with negative PLA2 staining had significantly (P = 0.08) more favorable prognosis than PLA2-positive left-sided tumors (Figure 4) . The difference in 5-year survival rate was 45%, and by the 10-year follow-up, 27 of 41 (66%) patients with leftsided, PLA2-positive tumors had died of disease. Right-sided PLA2-positive neoplasm and left-sided PLA2-negative neoplasm had about the same prognosis. This suggested that location and PLA2 staining had about the same influence on prognosis. The curves (Figure 4 ) further suggested that PLA2 expression was better in prognostication than location of the neoplasm.
discussion
Only a small amount of group IIA PLA2 has been found in normal colonic mucosa [12] . However, increased expression of group IIA PLA2 is present in the colonic mucosa of patients with chronic inflammatory bowel disease [13, 36, 37] and in normal mucosa adjacent to CRC [38] . The present study is the first to systematically assess the expression of group IIA PLA2 in human CRC, as related to clinical data and disease outcome. In our series, normal colonic epithelium often showed expression of PLA2 but lamina propria did not show any expression of PLA2. The positive epithelial staining seemed to reflect the pattern that the epithelium stained when adjacent to CRC [38] . Altogether, 55% of the 116 carcinomas showed positive epithelial cytoplasmic PLA2 expression. Other studies on CRC have reported overexpression of cytoplasmic PLA2 in tumor cells up to 35%-50% [39] [40] [41] . Wendum et al. [42] showed a high expression of cytoplasmic PLA2 in the superficial stroma, just below the surface epithelium and identified these cells as fibroblasts or myofibroblasts. However, none of these studies have correlated PLA2 expression with prognosis of CRC.
In our study, interesting correlations were found between the PLA2 expression and some important clinicopathological parameters. First, a borderline inverse association was shown between PLA2 and tumor grade, low expression of PLA2 being more common among high-grade tumors. This suggests the role of PLA2 as a biological factor that might affect the behavior of the tumor cell population. In this series, the majority (75%) of cases were grade 2 lesions, however, precluding the reach of statistical significance, which remains to be confirmed in a larger study.
Interestingly, we observed a close association between PLA2 and tumor localization; negative expression of PLA2 was significantly associated with right-sided (proximal) tumors of the colon. This was also clearly associated with different long-term survival of these two groups (Figure 4 ). This suggests that there may be differences between normal right and left colonic segments that could favor malignant transformation through different molecular pathways. Such differences are probably related to different molecular profile of the tumors, microsatellite instability and methylator phenotypes being associated with right-sided tumors and chromosomal instability with the left-sided tumors [43, 44] . We suggest that the higher levels of PLA2 expression associated with distal tumors may be due to these divergent genetic pathways present in the left-sided and right-sided tumors. However, this remains only speculative at this stage and future molecular studies are necessary to confirm this hypothesis [45] [46] [47] .
Indeed, the role of group IIA PLA2 in the pathophysiology of premalignant cells and the enzyme's possible role in carcinogenesis, when premalignant cells evolve to malignant phenotype, are unclear. It has been reported that PLA2 inhibitors induce apoptosis in human endothelial cells [48] , whereas inhibition of secretory (group IIA) PLA2 in rat intestinal and mouse colon cancer cell lines both induces proliferation and inhibits apoptosis by an unknown mechanism [49] . Interestingly, in the present study, positive expression of PLA2 was a sign of ominous disease outcome in terms of shorter DFS and DSS (Figures 2 and 3) . Thus, the biological role of group IIA PLA2 in colonic carcinogenesis may relate to either or both of the above mechanisms leading to increased tumor growth. This also leaves space to the use of PLA2 inhibitors in CRC as potential triggers of apoptosis.
There is increasing evidence that the survival of the patients can be predicted with IHC detection and quantifying various proliferation-associated cell surface receptors or growth factors [50] . Recent studies with complementary DNA (cDNA) microarrays show that also the expression profile, combining several factors of cDNA microarray patterns, could be helpful [51] . In most occasions, IHC marker-negative and -positive cases show typically a 12%-25% difference in 5-year survival rates [50] . Our data show that the distinguishing power of cDNA microarray profiles (i.e. 40%-60% difference in survival rates) can be achieved by combining the site (localization) of the tumor with PLA2 expression. Accordingly, patients who have right-sided tumors with negative PLA2 expression do seem to survive significantly longer than patients with leftsided, PLA2-positive tumors. Even though the PLA2 expression as a single variable does not seem to be the dominant variable in multivariate analysis, PLA2 expression will be of confirming and additional value to estimation of prognosis after and in association of clinical data, including location (Figure 4) . This combining of PLA2 expression with the localization of CRC has never been tested as a predictor of long-term disease outcome. The value of a simple IHC test for PLA2 is obvious: the positivity is easy to interpret, and combined with the location of the tumor, a 45% difference can be detected in long-term survival rates. However, it is to be emphasized that the best differences between survival rates reported so far were reached without any IHC or genomic applications. Indeed, Mesker et al. [52] showed that the carcinoma-stromal ratio at best resulted in a >70% difference in survival rates when combined with the location of the tumor. It now seems that new powerful methods are emerging for accurate distinction between patients with good and poor prognosis and combinations of them will hopefully lead to practical clinical implementations.
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